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ABSTRACT 
 
The title of this final year project is “design and fabrication of jig for butt 
welding”. Jigs are special purpose tools which are used to facilitate production like 
machining, assembling and inspection operations. The purpose of this jig is to hold 
the specimen of the welding specimen which is the sheet metal. The fabrication 
purpose is to improve the quality of welding by making the better jig compare to the 
older jig. The students use this jig to hold the specimen and welding it by using the 
MIG welding at the welding machine. The problems are the specimen is bending 
after welding because affect by thermal stress. The older clamp cannot hold the 
specimen properly. This jig must be suitable to place on the existed table. The main 
objective of this study is to design and fabricate jig for butt welding. Also the 
objective is the jig need to suitable for hold sheet metal. Four designs were drew and 
compared in terms of durability, cost, size and weight, easy to use and clamping 
force. The best design is chosen and fabrication according to the measurement. After 
testing the product, the clamp has improves the clamping force and the specimen is 
not bending and affect by the thermal stress.  
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ABSTRAK 
 
 
Tajuk untuk projek tahun akhir ini ialah “design and fabrication of jig for butt 
welding”. Jig adalah alat tujuan khas yang digunakan untuk memudahkan 
pengeluaran seperti pemesinan, pemasangan dan operasi pemeriksaan. Tujuan jig ini 
adalah untuk memegang spesimen spesimen kimpalan yang merupakan kepingan 
logam. Tujuan pembuatan adalah untuk meningkatkan kualiti kimpalan dengan 
membuat jig yang lebih baik berbanding dengan jig yang lama. Pelajar-pelajar 
menggunakan jig ini untuk memegang dan menimpal spesimen dengan 
menggunakan kimpalan MIG di mesin kimpalan. Masalahnya ialah specimen 
membengkok selepas dikimpal kerana kesan daripada tekanan haba. Pengapit lama 
tidak dapat memegang specimen dengan sebaiknya. Jig ini mestilah sesuai untuk 
diletakkan di atas meja yang sedia ada. Objektif utama kajian ini ialah untuk 
merekabentuk dan membuat jig untuk kimpalan puntung. Juga tujuannya adalah 
keperluan jig sesuai untuk memegang kepingan logam. Empat reka bentuk telah 
dilukis dan dibandingkan dari segi ketahanan, kos, saiz, dan berat, mudah untuk 
digunakan dan kekuatan pegangan. Reka bentuk yang terbaik dipilih dan pembuatan 
dijalankan mengikut ukuran. Selepas ujian produk, pengapit telah meningkatkan 
daya pengapitan dan spesimen itu tidak lentur dan terjejas oleh tekanan haba. 
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CHAPTER 1  
INTRODUCTION 
 
1.1 INTRODUCTION 
Mass production aims at high productivity to reduce unit cost and 
interchangeability to facilitate easy assembly. This necessitates production devices to 
increase the rate of manufacture and inspection device to speed-up inspection 
procedure. 
Jigs are special purpose tools which are used to facilitate production like 
machining, assembling and inspection operations. The mass production of workpiece 
is base on the concept of interchangeability according to which every part produced 
within an established tolerance. Jigs provide a means of manufacturing 
interchangeable parts since they establish a relation with predetermined tolerances, 
between the work and the cutting tool. Once the jig is properly set up, any number of 
duplicate parts may be readily produced without additional set up. (Sharma1982) 
[12] 
Jigs are used on drilling, reaming, tapping, milling and tapping. There are 
many advantages for using jigs in production. Jigs eliminate individual making, 
positioning and frequent checking. This reduces operation time and increase 
productivity. There is no need for selective assembly. 
 There are several factors from the characteristics of jigs that can be analysis 
and improve the quality of the jigs. These factors can be finds from the design, 
material of the jigs and also the fabrication of jigs. Discussion about the jigs is also 
important to improve the quality. 
This chapter is discussing about the project background, the problems of the 
project, objective of the project and the scopes of the project. 
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1.2 PROJECT BACKGROUND 
The title for this final year project is design and fabrication of jig for butt 
welding. Objective is to design and fabricate a jig for the existing butt welding in the 
mechanical workshop. After some researches, the information from the journals, 
internet and also books about the jig, design of jig, butt welding and its process and 
also about the thermal stress is useful to help in complete this final year project. 
Before start the designing and fabrication of the clamp, several factors need 
to consider to made sure the product is suitable and can easily place at the existing 
table. The case study for this project is focused on design and fabricates the jig to 
prevent the thermal stress effect the workpiece and ensure that the jig is suitable for 
using at existing butt welding machine.  
So, for the main problem which is thermal stress, the material selection must 
be done correctly. It is because the material should be suitable to prevent the thermal 
stress and also can reduce the heat from the welding area. Besides, the measurement 
of product must also be consider to prevent the product too big or high and not 
suitable for the existing table.  
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1.3 PROBLEM STATEMENT 
Students need a good jig to clamp at the workpiece so that their workpiece 
will be in right position when welding. But, students face many problems about to 
hold their specimen. The effect of the thermal stress and unsuitable clamping give a 
lot of problems especially for the students when using the butt welding. One of the 
effect is the workpiece will be bend and their shape will not in good condition. 
Jig is an important device when using the butt welding machine. It is because 
a good clamping can give a best joint when welding the workpiece. However, when 
using the butt welding, there will be a thermal stress that can affect the workpiece. 
So, jig is also functioning to absorb the heat from welder and workpiece.  
About welding, first problem is heat dissipation which is a main 
consideration with any welding tool. Several methods can be used to ensure that 
proper heat is maintained in the weld area. When metals similar to steel and other 
poor conductors are joined, the excess heat should be carried off to avoid 
overheating the weld. [1]  
Besides that, main crisis is when structures are manufactured by welding, a 
non-uniform temperature distribution is produced. This distribution initially causes a 
rapid thermal expansion followed by a thermal reduction in the weld and 
surrounding areas, thus generating inhomogeneous arrangement deformation. [2] 
This is called thermal stress. 
During welding, a high quality clamping device not only holds workpieces 
firmly together, but must also take the thermal strain of the welding heat without 
damage the strength of the weld joint. [3] 
Thus, a jig is fabricated to solve this problem with better specifications. The 
jig must clamp the workpiece from upper side and make from good conductor 
material to absorb more heat when welding operation conducted. 
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1.4 OBJECTIVES 
The objectives of this project are: 
i. To design a jig suitable for workpiece in sheet metal thickness.  
ii. To fabricate a jig to clamp workpiece  
 
 
1.5 PROJECT SCOPES 
The scopes of this project are: 
i. Design and fabricate jig for workpiece in thickness of sheet metal. 
ii. Design and fabricate jig for existing machine in area 500mm x 300mm. 
iii. Fabricate jig using mild steel material. 
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1.6 ARRANGEMENT OF REPORT 
 
This study consists of 5 chapters. In the first chapter, the introduction of the 
study was discussed. This chapter introduced briefly about the project background 
and also provided the problem statement of the study. In this chapter, also states 
about the objectives and scopes of the project. 
Chapter two consist of literature review for this project. It is consist of 
introduction of jigs, important of jigs which are advantages and disadvantages, also 
about butt welding, arc welding, MIG welding and TIG welding, thermal stress and 
lastly some study review about drilling, grinding and tapping. 
Chapter three discussed about the methodology used in this project from 
starting until this report is complete. In methodology were discussed about design 
concept using the solidwork, fabrication process, flowchart, gantt chart and lastly is 
material selection which is mild steel and aluminium.  
Chapter four will be discussed about the final product and according to the 
part by part which is clamp, table and base for the product. In this chapter also 
include the bill of material for this final product. 
Chapter five discussed about the conclusion for this final year project and 
recommendation to improve the product. The conclusion is all about the design of 
project, fabrication process and testing of product. 
 
 
 
 
 
 
  
 
 
CHAPTER 2 
LITERATURE REVIEW 
 
2.1 INTRODUCTION 
This chapter will provide the review from previous research that is related to 
this final year project. There is a lot of research about the jig, butt welding process 
and thermal stress. This is the most important things about this project. The research 
also shows the method how to prevent the thermal stress and the suitable design of 
jig for the existing butt welding machine. 
2.2 INTRODUCTION OF JIG 
First of all, the research is makes about jig in overall term because jig is use 
for a lot of works in daily life. Jig is a type of tool used to control the location and or 
motion of another tool in work. Purpose of jig is to provide repeatability, accuracy, 
and inter changeability in the manufacturing of products. A jig is often confused with 
a fixture because they are look like same in function but a fixture holds the work in a 
fixed location. A device that does both functions holding the work and guiding a tool 
is called a jig. 
Jigs or templates have been known long before the industrial age. There are 
many types of jigs, and each one is design to do a specific job. Many jigs are created 
because there is a necessity to do so by the tradesmen. Some are to increase 
productivity, to do repetitious activities and to do a job more precisely. Some types 
of jigs are also called templates or guides. Jigs include machining jigs, woodworking 
jigs, welders jigs and jewel jigs. 
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Jigs are further identified by their basic construction. The two types of jigs, 
they are open and closed. Open jigs carry out operations on only one, or sometimes 
two, sides of a work-piece. Closed jigs, on the other hand, operate on two or more 
sides of workpiece. Typical examples of closed jigs include box jigs, channel jigs, 
and leaf jigs. 
 
2.2.1 Elements in Jigs 
 
In the jigs design, there have some of important elements should be take note. 
Generally, all the jigs consists these elements. The first element is the locating 
elements. Position of workpiece must be accurate with the respect to the tool guiding 
or setting elements in the jigs. Clamping force is also some of elements consist in 
jigs design. 
 These elements hold the work-piece securely in the located position during 
the operation. The others elements are tool guiding and setting elements. These 
elements act as setting of the tool in correct position with respect to the workpiece. 
 
2.3 IMPORTANT OF JIGS 
 
Jigs are very important in manufacturing industry. These tools needed to 
make sure that manufacturing process in production line going smooth and easier to 
operators doing their job. Jig helps operator to holding part which will be processing 
or in operation. In production rate, using jigs increased the productivity because it 
will minimize the production time. 
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2.3.1 Advantages of jig 
 
(i) Productivity 
Jigs eliminate individual marking, positioning and frequent checking. This 
reduces operation time and increases productivity. 
(ii) Interchangeability 
Jigs facilitate uniform quality in manufacture. There is no need for selective 
assembly. Any part of the machine would fit properly in assembly, and all similar 
components are interchangeable. 
(iii) Skill and cost reduction 
Jigs simplify locating and clamping of the work-pieces. Tool guiding 
elements ensure correct positioning of the tools with respect to the workpieces. 
There is no need for skilful setting of the workpiece or tool. Any average person can 
be trained to use jigs. The replacement of a skilled workman with unskilled labour 
can effect substantial saving in labour cost. Also can save because reduction in scrap 
and higher production. 
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2.4 INTRODUCTION TO JIG FOR BUTT WELDING 
Before start a work, process planning must be doing. In process planning, the 
right selection of jig or work holding device represent an important specification 
additionally to welding process. [22] So, for the existing butt welding machine, it 
need a clamp that can hold specimen from upper side so that the specimen not 
moving or bending while welding.  
Clamps provide total control by holding the part in location under the 
application of external forces during the manufacturing process. It useful to support 
the specimen and ensure the clamping is strong enough to hold it. [14]The clamping 
force can be good if the clamp is makes with good quality. 
Contact surface can experience slipping, sliding, rolling or tension release 
depending on the scale of the normal and lateral forces at the contact interface. So, 
about clamping force must be consider. When the clamping force is high, the 
welding is better in quality. [11] 
For example, in a laser butt welding process, a jig must perfectly hold and 
align two parts in a given direction with respect to the laser beam. The holding force 
and laser heat that join the two parts together will indirectly manipulate the joint 
strength, HAZ (heat affected zone), and cause distortion and dimensional changes. If 
the clamping is not strong enough, the welding will be not in bad condition. [3] 
In mass production, jig is very important because it can save the cost and 
time, makes the work more precise and accurate, increase productivity and lastly less 
skill is needed. [7] From the factors, the jigs help a lot in production and give a lot of 
advantages.  
From the condition above, a good clamp can hold the specimen well and can 
increase the quality of welding. This can help the work by increase the quality of 
welding result. 
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Figure 2.1: Jig for butt welding 
Source: http://www.jalopyjournal.com/forum/showthread  
An example of jig for butt welding that look simple, save in cost and easy to use. 
This jig is commonly use in automotive production. 
 
 
   Figure 2.2: example jig for welding sheet metal. 
Distance of the jig from the torch must be consider to make sure the torch can 
welding the sheet metal and the jig not too close with the welding area and heat. 
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2.4.1 Design of jig 
First of all, need to analyze the design to ensure that the assembly process 
does not disturb with the other outside problem includes the machining process. [17] 
The process that will be use must be think first and be plan to make sure the work 
run smoothly according to schedule.  
The general factors to be considered when design a jig is firstly, the shape, 
material and state of the workpiece. Second, remachined surfaces and tolerances, 
type of operations and the machine tools used, workpiece handling, ergonomics and 
safety considerations, and lastly economic considerations such as the use of the 
standard and modular component. These are the common factors when create a 
design. [4] 
Dependable assembly tooling must be able to hold components and 
subassemblies in an accurate and repeatable position, prevent undesired movement 
of components, and avoid posing interference problems in assembly tasks. [9] So 
that, the design must be very important to ensure that the jig function well and make 
progress of work run smoothly.  
Lastly, the size of the design must be consider because it must be suitable to 
place on the existing table. If the size is bigger than the table, this will give a 
problem put the jig. Then, the height is also need to be consider because the torch 
need to be easily welding the specimen. [18] 
From the research, known that jigs locate and hold the workpiece in position 
and ensure that it is in a state of stable equilibrium and that dimensional accuracy is 
maintained during the manufacturing operation. [17] So, make sure the flatness of 
the jigs is good enough and make the joint in high quality of welding.  
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2.5 WELDING  
Welding is a fabrication or sculptural process that joins materials, usually 
metals or thermoplastics, by causing coalescence. This is often done by melting the 
work pieces and adding a filler material to form a pool of molten material (the weld 
pool) that cools to become a strong joint, with pressure sometimes used in 
conjunction with heat, or by itself, to produce the weld. This is in contrast with 
soldering and brazing, which involve melting a lower-melting-point material 
between the work pieces to form a bond between them, without melting the work 
pieces. 
Many different energy sources can be used for welding, including a gas 
flame, an electric arc, a laser, an electron beam, friction, and ultrasound. While often 
an industrial process, welding can be done in many different environments, including 
open air, under water and in outer space. Regardless of location, however, welding 
remains dangerous, and precautions must be taken to avoid burns, electric shock, eye 
damage, poisonous fumes, and overexposure to ultraviolet light. [25] 
 
 
 
 
Figure 2.3: Welding process 
Source: Wikipedia (1995) 
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2.5.1 Arc Welding 
One of the most common types of arc welding is shielded metal arc welding 
(SMAW), which is also known as manual metal arc welding (MMA) or stick 
welding. Electric current is used to strike an arc between the base material and 
consumable electrode rod, which is made of steel and is covered with a flux that 
protects the weld area from oxidation and contamination by producing CO2 gas 
during the welding process. The electrode core itself acts as filler material, making 
separate filler unnecessary.  
The process is versatile and can be performed with relatively inexpensive 
equipment, making it well suited to shop jobs and field work. An operator can 
become reasonably proficient with a modest amount of training and can achieve 
mastery with experience. Weld times are rather slow, since the consumable 
electrodes must be frequently replaced and because slag, the residue from the flux, 
must be chipped away after welding. Furthermore, the process is generally limited to 
welding ferrous materials, though special electrodes have made possible the welding 
of cast iron, nickel, aluminum, copper, and other metals. Inexperienced operators 
may find it difficult to make good out-of-position welds with this process.[25]
 
 
2.5.2 MIG Welding 
MIG (Metal Inert Gas) or as it even is called GMAW (Gas Metal Arc 
Welding) uses an aluminum alloy wire as a combined electrode and filler material. 
The filler metal is added continuously and welding without filler-material is 
therefore not possible. Since all welding parameters are controlled by the welding 
machine, the process is also called semi-automatic welding. 
The MIG-process uses a direct current power source, with the electrode 
positive (DC, EP). By using a positive electrode, the oxide layer is efficiently 
removed from the aluminum surface, which is essential for avoiding lack of fusion 
and oxide inclusions. The metal is transferred from the filler wire to the weld bead 
by magnetic forces as small droplets, spray transfer. This gives a deep penetration 
capability of the process and makes it possible to weld in all positions. It is important 
for the quality of the weld that the spray transfer is obtained.  
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Figure 2.4: Schematic of Metal Inert Gas (MIG) Welding 
Source: Wikipedia (1995) 
2.5.3 TIG Welding 
 Tungsten Inert Gas (TIG) is a manual welding process that uses a non 
consumable tungsten electrode, an inert or semi inert gas mixture and a separate 
filler material. Especially useful for welding thin materials, this method is 
characterized by a stable arc and high quality welds, but it requires significant 
operator skill and can only be accomplished at relatively low speeds.  TIG can be 
used on nearly all weld able metals, though it is most often applied to stainless 
steel and light metals. It is often used when quality welds are extremely important, 
such as in bicycle, aircraft and naval applications. 
2.6 BUTT WELDING 
Butt welding is the process of joining two pieces of material together along a 
single edge in a single plane. This process can be used on many types of materials, 
however metal and thermoplastics are the most common. When two sheets of steel 
are laid side by side and joined together along a single joint, this is an example of 
butt welding. 
Welding is a reliable and capable metal joining process in the manufacture of 
many engineering and structural components. The advantage of welding as joining 
process includes high joint efficiency, easy set up and low fabrication cost. Welding 
process consists of melting and solidification of join metal and base metal in 
restricted fusion zone by a temporary thermal heat source.  
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Figure 2.5: Sample Butt welding from lab welding 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: MIG welding machine in mechanical lab 
For this project, it is refer to the existing butt welding machine in the 
mechanical lab. The table of this machine will be the place to put the clamp. So that, 
this clamp suitable with the size of the table and the screw hole must be provide at 
the final product to attach the product with this table. 
 
 
